Abstract: Due to the huge difference of material properties, the bonding condition between asphalt layer and concrete leveling course on concrete bridge deck is very complex, which can directly affect the stress distribution of structure layers. Aiming at the common hollow plate girder bridge, a study was conducted to analyze the mechanics response of structure layers under different contact conditions, by using the finite element analysis software ANSYS. The results show that the stress of structure layers is significantly affected by the bonding condition between asphalt layer and concrete leveling course, and the complete continuous contact condition is not reasonable in the design of deck pavement structure; for four kinds of contact states, the stress of structure layers is optimal under complete bonding state, and when the interlayer bonding is insufficient, the contact state between structure layers is much closer to the hypothetical binding state.
INTRODUCTION
The typical structure of cement concrete bridge deck pavement is composed of cement concrete leveling layer, waterproof adhesive layer and asphalt pavement layer [1] [2] [3] . At present, in the stress analysis of bridge deck pavement, it is usually assumed that all layers of pavement structure are completely continuous [4] , which will lead smaller calculated stress value [5] , while the real interlayer contact state is partially continuous layer bonding state [6] [7] . This will adversely affect the strength of the pavement structure, accelerate the early diseases [8] . Some results have been obtained in the research on the contact problem of common pavement structure [9] , while there are few studies on the influence of the contact condition on bridge deck pavement. To this end, this study uses the ANSYS finite element software to analyze the stress distribution of the bridge deck pavement under different contact conditions.
CALCULATION MODELS AND CALCULATION PARAMETERS

Tyre model
The current pavement design theory uses the circular uniform load to characterize the vehicle load on the road [10] , which is a very elementary hypothesis of the vehicle load on the road, and the hypothesis will lead great error of the calculation results of the stress and the strain. In order to simulate the wheel load on the deck pavement structure more realistically, a rear axle wheel group of tire model is established, which uses Michelin 315/80R22.5 meridian heavy vehicle tyres as the prototype. The model can be loaded on deck pavement structure under different axle loads and tire pressure conditions. 
Bridge deck pavement model
The length of the bridge is 20 m, and the width of the pavement structure is 11.75m. The whole model of deck pavement includes 7 medium plates and 2 side plates. In order to save computational cost, it is necessary to simplify the calculation model. Considering that the far-field stress calculation has little effect on the contact area of tire and deck pavement [11] , the calculation width of the pavement deck model is taken off a half of the full width. In addition, due to the extreme stress of the pavement layer always appearing in the vicinity of the contact area of the tire and bridge deck pavement, the length of the calculation model can be appropriately reduced to 3m. This research mainly consider the influence of the contact state between the concrete leveling layer and asphalt pavement on the structure stress, therefore, a pair of friction pairs is arranged between the two layers of the interface, and the contact condition of the friction pair is represented by the friction coefficient.
Other structures are treated as completely continuous. In addition, in order to transfer the vehicle load to the bridge deck pavement, the contact element is arranged between the bridge deck pavement and the tire, and the friction coefficient is used to simulate the friction force generated by the tire on the road surface. The calculation model is shown in Figure 2 . 
Calculation parameters
The vehicle load value takes 140kN, and the tire pressure takes 0.85MPa [12] ; due to the different calculation accuracy of different structures, the mesh sizes of different parts are not the same, the mesh sizes of beam grid are relatively sparse, while the mesh sizes of pavement structure are relatively dense, which is 10 cm*10 cm; a variety of physical units were used to simulate the internal structure of tire. The specific calculation parameters are shown in Table 1 . 
INFLUENCE OF INTERLAYER CONTACT STATE
Mechanical response of upper layer under different contact states
The friction coefficient is different between the tire and deck pavement under different driving conditions, taking 0.05 as the friction coefficient when considering the situation of vehicle at a uniform speed. At the same time, in order to compare with the partial continuous condition, the stress distribution of different pavement layers under the completely continuous condition was calculated. The maximum stresses of asphalt pavement under completely continuous condition are shown in Table 2 . The maximum stresses of upper layer under different contact states are shown in Table 3 . The calculation results showed that the horizontal and vertical tensile stresses of the asphalt pavement were slowly decreasing with the increase of the friction coefficient between the concrete leveling layer and the asphalt pavement; when the friction coefficient is 0.9, the transverse and longitudinal tensile stresses are 0.751MPa and 0.545MPa, which are smaller than those under the completely continuous condition; the XY direction and YZ direction shear stresses of asphalt pavement remained unchanged with the increase of the friction coefficient between the leveling layer and asphalt pavement; when the friction coefficient is 0.9, compared with the 0.528MPa and 0.292MPa under the ideal contact conditions, the XY direction and the YZ direction shear stresses of asphalt pavement increased by 35% and 60% respectively.
Mechanical response of bottom layer under different contact states
The bottom asphalt layer is located in the transition area of materials, and the vast difference between the material properties resulting in the rigid conflict which is formed on the contact interface. Coupled with the shortage of the interlayer bonding force, it will be a stress concentration and a stress redistribution of the asphalt pavement on the interface. The maximum stresses of bottom layer under different contact states are shown in table 4. By table 4 it showed that with the increase of friction coefficient, the transverse and longitudinal tensile stresses of asphalt pavement are linearly decreasing, and the rate of which is quicker than the rate of upper layers apparently. It showed that the interface bonding state is much more significant to the stress distribution in the bottom layer of asphalt pavement; At the same time, along with the increase of friction coefficient, the shear stresses of XY direction and YZ direction are linearly increasing, which means that it allows the upper and bottom layers forming a small amount of relative sliding. This leads to discontinuity of interface shear stress, and which is mainly concentrated in the asphalt layer.
Mechanical response of asphalt pavement under special contact states
In order to take further analysis of the influence of interlayer contact state for pavement structure, binding and rough contact conditions were assumed in this study. They were also compared with the previously mentioned completely cohere and friction conditions. Binding contact refers to that the contact nodes and destination nodes will produce binding when the split nodes on the interface change into contact, while they can still form relative sliding; Completely rough refers to that the friction coefficient of friction pairs is assumed to be infinite, and ignoring the friction coefficient of materials; The stress of rough state is the average stresses under the different conditions of friction coefficients. The maximum stresses of upper layer under different contact states are shown in table 5. The table 5 shows that transverse and longitudinal tensile stresses were the minimal under binding condition and tensile stress under coherence condition was the maximum in four kinds of contact conditions; the stress under rough condition was slightly larger than that under completely rough condition. Further illustrated that relative sliding between asphalt pavement and concrete leveling layer could release the tensile stress in the upper appropriately.
The shear stress in asphalt pavement was different from the tensile stress. The shear stress under coherence states was the minimum; the remain order of shear stress was the coherence state, the mean friction state, rough and binding state. The maximum stresses of bottom layer under different contact states are shown in table 6. The table 6 showed that the tensile stresses under binding and coherence states were far less than the other two kinds of contact states. Take coherence state for example, the transverse and longitudinal tensile stresses were 0.296 MPa and 0.287MPa, which respectively compared with completely rough condition 0.583 MPa and 0.667 MPa were reduced by 49% and 57%, and it shows that the relative sliding between layers has a great influence on the tensile stress of bottom layer.
The shear stress under coherence state was far less than the other three kinds of contact states, which shows that the effect of the presence of interlayer sliding to tensile stress of bottom layer is important. Combined with the stresses distribution state of pavement layer under four kinds of contact states, the coherence state significantly reduce shear stress of two layers and tensile stress of bottom layer through improving the bonding state between concrete leveling layer and asphalt pavement, and also can reduce the diseases caused by shear stress, such as rut, transposition and swelling. However, if we simply treat the completely bond state as design goals of the bridge deck pavement structure layers, it is likely to accelerate the upper crack disease.
When lacking of bonding in bridge deck pavement structure, the contact state close to the binding state. Because of the asphalt concrete material, it can't form bond state with cement concrete material, and it also rarely appears dry friction condition which usually formed between the rigid body. When there is a slight detachment phenomenon between the pavement structures, the contact area will form a normal binding effect under the vehicle load.
CONCLUSIONS
(1) The stress of structure layers is significantly affected by the bonding conditions between asphalt layer and concrete leveling course;
(2) The complete continuous contact condition is not reasonable in the design of deck pavement structures; (3) For four kinds of contact states, the stresses of structure layers are optimal under complete bonding state, and when the interlayer bonding is insufficient, the contact state between structure layers is much closer to the hypothetical binding state.
